In this paper we present a research of propagation characteristics of global Rossby wave and mesoscale eddies, and we Oceanic Rossby wave and mesoscale eddies play an important part in the dynamic ocean, and an increasing number of oceanographers have concentrated on both of them, which are ubiquitous but invisible phenomenon in the global ocean, and many researches have been performed for finding the evidence of existence of them. Using MSLA-H data, the method adopted in this 25 paper mainly differentiates the eddies and the waves at different latitudes and regions, and makes verification for the results by SST and Argo data.
filtering (running average by using a 30-day boxcar filter) along the time direction only, and then removing the zonal average. It's obvious that the high frequency noise has been removed and the signals of Rossby wave are more explicit and clear than the figure 1. To avoid edge effects, the filter was applied to a plot 30 points (7.5°) narrower (15 points on each side) than shown in figure 1, and 30 pixels were removed from each side after filtering.
For a latitude section plotted as figure 1 with the rightward increase of longitude and upward increase of time, the westward 105 propagation signals produce patterns sloping upward from left to right (e.g., Dunkerton and Crum, 1995) . Westward propagation is evident in the patterns within figure 2, where the 6 solid diagonal lines are drawn according to the subjective determination of image analysis, as in Barron et al. (2009) . To validate and supplement the results obtained from the subjective analysis within figure 2, figure 3 gives the SST longitude-time plot in the same time series and latitude as mentioned before, and figure 4 shows the filtered SST using the same filtering method of the SLA analysis. The interannual variation which peak value emerges in every 110 second half year and valley value appears in every first half year is the predominant feature, and weak stripe structure of temperature also appeared in the SST field. After being filtered the same as SLA (the SST field has been normalized first), the stronger or weaker westward features of the image than the figure 2 can be confirmed. There are also 6 dotted sloped lines appeared at the same position of the solid lines in the figure 2 drawn by subjective method, and in addition, a solid-dotted line is seen as a complementary signal for the figure 2.
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Furthermore, due to the propagation of the Rossby wave causes the variation of the thermocline (Chelton and Schlax,1996) , we also take the Argo S/T into consideration for tracking the signals belong to the Rossby wave. Following (Killworth et al., 1997) , and as also explained by Barron et al. (2009) , speed of the Rossby wave in the 25°N is about 5 cm/s, hence the anomalies on the thermocline migrate 1° per 28.01 days in zonal direction. Here we adopt interval of 3 months to show the changes of thermocline. The same plot as figure 1, but a 30-day boxcar filter has been applied to the SLA field, and zonal average has been removed. Note that most of the high-frequency noise has been removed, and the areas full of 'spotted structure' in figure 1 become clear and the
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plot is more suitable for analyzing. The 6 solid lines which probably represent the probable propagation of the Rossby wave have been extracted based on the subjective determination of image analysis. The same plot as figure 3, but the SST field has been normalized in range -1 to 1, and 30-day boxcar filter has been applied to the SST field, and zonal average has been removed. 6 dotted lines like figure 2 can be the evidence for validating the signals which belong to the Rossby wave. Otherwise, a line which not being identified in the figure 1b) appears, and it is also treated as the 150 probable signal of propagation of the Rossby wave. 
Phase speed estimation of the Rossby wave and eddies
Time series of daily MSLA-H fields are used to examine the Rossby wave propagation of the anomalies. The fields range from 60°S to 60°N at 5 latitudes intervals, and we also estimated the phase speed of the Rossby wave. Following (Killworth et al., 1997) , the predicted phase speed of nondispersive Rossby waves neglecting background currents is − 1 2 2 ⁄ , where is the Coriolis parameter, is the rate of change of with latitude, and 1 is the mode 1 internal wave speed, which has 175 interpolated from estimates of first baroclinic Rossby wave phase speed (Chelton et al., 1998) . Figure 7 gives the global distribution of phase speed of the Rossby wave. Samples concentrated between 10 degrees and 40 degrees of the equator of the Rossby wave in figure 7 reveal that prominent features tend to be more prevalent in the area without strong advection than in the area with strong advection (Cipollini et al.,2001; Barron et al., 2009) , and the abnormal values emerged at 15°S may be caused by the perturbation of the Benguela Current in the Atlantic.
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By analyzing the results of the mesoscale eddy identification we also estimated the global zonal phase speeds of mesoscale eddies at the same locations where we have extracted signals of the Rossby wave. The mean zonal phase speeds are calculated by IV TC VI IV TC VI IV VI averaging the speeds of eddies which emerged more than 60 days. Figure 8 shows the trend of zonal eddy propagation and figure   9 is the distribution diagram of the mean zonal phase speeds of eddies in different oceans. In fact, we also found that there were many of eastward signals of eddies at high latitudes, and their phase speeds are much higher than the westward signals, especially 185 in the area affected by strong ocean currents.
Figure 7
Comparison between the MSLA-H derived speed in different oceans and the global predicted speeds of the linear theory (Killworth et al., 1997) . ~80D.
in calculating the curves we did not chart the connection between the 15°N and 20°N on the Indian Ocean curve out. The eastward speed at 45°S is obviously faster than the westward speed in any ocean.
4Disscusion
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Many of studies have focus attention on the Rossby wave or mesoscale eddies, whereas few of research have developed the relationship and interaction between the waves and eddies. In this study we preliminary investigate the interrelation mentioned above. We have extracted the signals of the Rossby wave and estimated their zonal phase speeds at different latitudes, as discussed above. The result that features obtained from the MSLA-H fields correspond to the linear theory makes us believe that the features are real signals of the Rossby wave. Figure 10 shows the mean zonal phase speed of eddies superimpose the theoretical speed of 210 the waves, and points represented the eastward propagation features of eddies in different oceans. Only a few coincident points between the curves appear, especially in the low latitudes Pacific Ocean. Note that near the south latitude 45 degrees in the Indian Ocean the disagreement reaches a peak, and the numerical value of the peak is close to 18°S, which can be proved in figure 11 as emphasized with black circle. 
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One more noteworthy thing is that the speeds are not constant at different locations and different time. The waves may speed up or slow down (Cipollini et al., 2001) , as the figure 5 and 6 shown. The eddies also emerge that appearance as figure 8 shown.
One explanation for this phenomenon can be the variation of the state of the sea water, including the ocean currents, and the local wind field.
Based on figure 2 and figure 8a , we give figure 14 to show the signals of the Rossby waves superpose the cores and effective 235 radius of the eddies, and we assume that the six rectangles in the figure are the range of time and longitude influenced by the Rossby wave. We extracted the data included in the 6 rectangles from the results of eddy identification, and figure 15 gives the detailed longitude-time plot of the 6 areas for the eddies at 25°N in the central Pacific Ocean. Table 1 gives the average of zonal westward propagation speed for every area. Compared with the averaged zonal speed 5.43 cm/s in figure 9 (the average westward zonal speed value from MSLA-UV is 9.25 cm/s), most of the average speed of eddies in the rectangles are lower, but the values 240 are close to the propagation speed of the Rossby wave (4.68 cm/s) at 25°N in the Pacific Ocean. Table 2 shows the statistic result of variation of eddy effective radius and amplitude (the areas are same as table 1), and the ratio between the total number of effective radius extending eddies and effective radius decreasing eddies is 30:41, the ratio between the total number of amplitude increasing eddies and amplitude decreasing eddies is 39:33. To investigate more information, we make a comparison between the cyclonic eddies and anticyclonic eddies in figure 16 . We found that Cyclonic eddies change little, but the anticyclonic eddies 245 change a lot. It seems that the Rossby wave may play an accelerative role in the process of the eddy propagation, and may have some influence on the form of the anticyclonic eddies.
Figure 10
The same plot as figure 9 but removed the original data of curve fitting and superimposed the curve of predicted phase speed of Global zonal velocity (no units) distribution of sea surface from OFES 10-years climatology dataset. The velocities in the area of strong ocean currents are almost no change, hence we cite the January data in this case. 
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Time-longitude plots for the 6 areas given by the 6 rectangles mentioned in figure 14 . The black and the green values (6 days' interval) indicate the effective radius and the amplitude of the eddy, respectively. It's apparent that all the Rossby waves move from the east to the west, but the eddies show different directions of propagation at 300 the areas influenced by the strong ocean currents. We can conclude that most of evidence indicates that the ocean currents lead the eddies to migrate (in the zonal direction), and the Rossby wave may plays an accelerative or moderative role in the eddy propagation. The mechanism of the interaction between the waves and the eddies is still not clear, but the currents are nonignorable when analyzing the two phenomena, and further work, including ocean model studies and a detailed comparison of other attributes which can be influenced by both the two phenomena from other data source, is needed to get better acquainted 305 with the two fascinating phenomena and the underlying mechanisms.
